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(54) Image pickup apparatus having image shifting plate 



(57) An image pickup apparatus includes an image 
pickup element for photoelectrically converting an opti- 
cal image formed on an image pickup surface and out- 
putting a picked-up image signal, a parallel-plane plate 
for shifting an incident position of incident light on the 
image pickup surface, a plurality of recess portions 
which function as a plurality of restricting portions for 
controlling an inclination position of the parallel-plane 
plate by respectively coming into abutment with perma- 
nent magnets secured to the opposite ends of the paral- 



lel-plane plate and restricting the positions of the 
opposite ends in the direction of an optical axis, and a 
plurality of electromagnets for driving the parallel-plane 
plate to bring the parallel-plane plate into abutment with 
the plurality of recess portions, wherein the energization 
and deenergization of each of the electromagnets are 
controlled so that the parallel-plane plate is controlled to 
move among a plurality of inclination positions. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image pickup 
apparatus capable of inputting an image of substantially 
high image quality by finely varying the optical angle of 
a parallel-plane plate glass or a reflecting mirror which 
Is provided in the optical path of an image pickup sys- 
tem. 

Description of Related Art 



In recent years, image input apparatus such as 
video cameras and scanners have made remarkable 
advances, and far higher image quality and far higher 
resolution have been strongly demanded. However, to 
increase the number of pixels per image pickup element 
Involves a number of problems, such as performance 
problems such as a lowering in sensitivity or S/N. an 
increase in cost due to a decrease in production yield, 
and the necessity for an expensive quartz-crystel low- 
pass filter or the like for preventing a false signal or the 

''"^ What is called "pixel shifting" is known as a method 
of increasing the image qualrty and the resolution of an 
image pickup apparatus without increasing the number 
of pixels per image pickup element. The pixel shifting is 
a method of finely vibrating an image pickup element 
itself or Sequentially obtaining optical-video information 
by conducting, to photosensitive portions on the image 
pickup element, optical-image information which would 
have reached non-photosensitive portions between 
adjacent photosensitive portions, while varying the 
reflection angle of a reflecting minor disposed in an opti- 
cal path in an optical relay space between a lens unit 
and the image pickup element or while varying the inci- 
dent angle of light on an optical transmission glass hav- 
ing the Shape of a parallel-plane plate or varying the 
thickness of the optical transmission glass by using the 
refraction of light by the optical transmission glass 
which is disposed in such optical path. According to 
such pixel shifting, it is possible to obtain an image hav- 
ing a high resolution which is substantially equivalent to 
a resolution obtainable when the number of pixels of an 
image pickup element is increased. 

Since this method makes it possible to pick up an 
image of high image quality without increasing the 
number of pixels of the image pickup element itself, the 
pixel shifting is a method which is extremely effective in 
increasing the resolution of the image input apparatus. 

Specific examples of pixel shifting using the above- 
described principles have been disclosed. For example. 
Japanese Uid-Open Patent Application No Sho 59- 
15378 discloses the art of rotating a parallel -plane plate 
about an axis parallel to a pixel array. Japanese Laid- 



Open Patent Application No Hei I'^f ^16 d^closj 
tt4 art of inclining a parallel-plane pla e surface and 
rotating it about an optical axis, and Japanese Uid- 
S^n Stility Model Application No Hei 6-8937 d.sclos^ 
s ttie art of driving a cam mechanism by means of a motor 
aad varying the inclination of a parallel-plane plate sur- 
face in the directions of X and Y axes. 

However, in any of the above-described conven- 
tional mechanism examples which use a parallel-plane 
w plate optical-transmission glass, a motor is used as a 
drive source which varies the optical position of the par- 
allel-plane plate optical-transmission glass and a com- 
plicated expensive mechanism such as a positon 
control mechanism using a cam Is used, with the result 
,5 that it is difficult to ensure the posrtioning accuracy of 
the parallel-plane plate optical-transmission glass and it 
is also difficult to increase the driving speed thereof. 

K two horizontal and vertical systems each includ- 
ing a motor, a cam and a mechanism for transmitting the 
so drive force of the motor are incorporated in an image 
pickup apparatus, a number of problem will occur; for 
example, the entire pixel shifting mechanism necessar- 
ily becomes larger in size and diff icutt to dispose m the 
space between the lens unit and the image pickup ele- 

""^To cope with the above-described problems, the 
assignee of the present invention has filed Japan^e 
Patent Application No. Hei 9-4476 dated January 14 
1997 as an image pickup apparatus and an optical 
30 apparatus each ot which includes a pixel shifting sy^em 
ir^ed to solve the problems and capab e of being 
driven at high speed by means of a simple arrange- 
ment. 



35 BRIEF SUMMARY OF THE INVENTION 

The present invention is intended to solve the 
above-described problems and to realize a further 
increase in driving speed of the invention of Japanese 
40 Patent Application No Hei 9-4476. 

A first object of the present invention is to provide 
an optical apparatus and an image picloip aPParat.^ 
both of which are capable of performing extremely high- 
speed pixel shifting. . .^^^ 
45 A second object o1 the present invention IS to pro- 
Vide an optical apparatus and an image pickup appara- 
tus both of which have a small-size and high-speed 
pixel shifting function which is easy to control 

A third object of the present invention is to provide 
50 an optical apparatus and an image Pi^^up^^PP^^"! 
Ijoth of which are capable of performing high-speed 
pixel shifting in eHher direction. 

To achieve the above objects, in accordance with 
one aspect of the present invention, there is provided an 
55 image pickup apparatus which comprises "^se P^P 
means for photoelectrically converting an optical image 
formed on an image pickup surface and outputting a 
picked-up image signal, an optical element for shifting 
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an incident position of incident light on the image pickup 
surface, a plurality of restricting portions for controlling 
an inclination position of the optical element with 
respect to an optical axis by engaging with the optical 
element, and driving means for driving the optical ele- 5 
ment to engage the optical element with the plurality of 
restricting portions, wherein the driving means includes 
electromagnetic driving means, and permanent mag- 
nets are respectively disposed in portions of the optical 
element which are to be exposed to an action of electro- 10 
magnetic force of the electromagnetic driving means, 
the optical element being driven by an electromagnetic 
circuit formed by the permanent magnets of the optical 
element and the electromagnetic driving means. 

In accordance with another aspect of the present 15 
invention, there is provided an optical apparatus which 
comprises an optical element for shifting an incident 
position of incident light on an image pickup surface, a 
plurality of restricting portions for controlling an inclina- 
tion position of the optical element with respect to an 20 
optical axis by engaging with the optical element, and 
driving means for driving the optical element to engage 
the optical element with the plurality of restricting por- 
tions, wherein the driving means includes electromag- 
netic driving means, and permanent magnets are 2S 
respectively disposed in portions of the optical element 
which are to be exposed to an action of electromagnetic 
force of the electromagnetic driving means, the optical 
element being driven by an electromagnetic circuit 
formed by the permanent magnets of the optical ele- so 
ment and the electromagnetic driving means. 

In accordance with another aspect of the present 
invention, there is provided a lens unit or a camera 
apparatus in which the aforesaid optical apparatus is 
integrally incorporated. 35 

Other objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description of preferred embodiments of the 
present invention, taken In conjunction with the accom- 
panying drawings. 40 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

Figs. 1(a) and 1(b) are diagrammatic perspective 45 
views akding in explaining the arrangement and the 
operation principle of a pixel shifting system 
according to a first embodiment of the present 
invention; 

Figs. 2(a). 2(b) and 2(c) are diagrammatic views so 
aiding in explaining the arrangement and the oper- 
ation principle of the pixel shifting system according 
to the first embodiment of the present invention; 
Figs. 3(a) and 3(b) are diagrammatic views aiding in 
explaining the arrangement and the operation prin- 55 
ciple of the pixel shifting system according to the 
first embodiment of the present invention; 
Fig. 4 is a diagrammatic view aiding in explaining 



the vertical pixel shifting operation of the pixel shift- 
ing system according to the first embodiment of the 
present invention; 

Fig. 5 is a diagrammatic view aiding in explaining 
the vertical pixel shifting operation of the pixel shift- 
ing system according to the first embodiment of the 
present invention; 

Fig. 6 is a diagrammatic view aiding in explaining 
the vertical pixel shifting operation of the pixel shift- 
ing system according to the first embodiment of the 
present invention; 

Fig. 7 is a diagrammatic view aiding in explaining 
the vertical pixel shifting operation of the pixel shift- 
ing system according to the first embodiment of the 
present invention; 

Fig. 8 is a diagrammatic view aiding in explaining 
the horizontal pixel shifting operation of the pixel 
shifting system according to the first embodiment of 
the present invention; 

Rg. 9 is a diagrammatic view aiding in explaining 
the horizontal pixel shifting operation of the pixel 
shifting system according to the first embodiment of 
the present invention; 

Rg. 10 is a diagrammatic view aiding in explaining 
the horizontal pixel shifting operation of the pixel 
shifting system according to the first embodiment of 
the present invention ; 

Fig. 1 1 is a diagrammatic view aiding in explaining 
the horizontal pixel shifting operation of the pixel 
shifting system according to the first embodiment of 
the present invention; 

Fig. 12 is a view aiding in explaining the pixel shift- 
ing operation of the pixel shifting system according 
to the first embodiment of the present invention; 
Rgs. 13(a). 13(b) and 13(c) are diagrammatic views 
showing the arrangement of a second embodiment 
of the present invention; 

Fig. 14 is an exploded perspective view showing an 
arrangement in which a pixel shifting system 
according to any of the embodiments of the present 
invention is incorporated as a unit; 
Fig. 15 is a diagrammatic cross-sectional view 
showing an arrangement in which the unit of a pixel 
shifting mechanism according to any of the embod- 
iments of the present invention is actually incorpo- 
rated into a camera body; 

Rg. 16 is a block diagram showing a circuit 
arrangement for picking up an image by using the 
pixel shifting system according to any of the 
embodiments of the present invention; 
Figs. 17(a) and 17(b) are views showing the princi- 
ple of pixel shifting; 

Figs. 18(a) and 18(b) are views aiding in explaining 
the principle of a driving method for pixel shifting 
according to the present invention; and 
Figs. 19(a) and 19(b) are views aiding in explaining 
the way of increasing the speed of a driving opera- 
tion for pixel shifting according to the present inven- 
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61 = (1 - 1/N) • t 



91. 



DETAILED DESCRIPTION OF THE INVENTION 

Preferred embodiments of the present invention will 
be desaibed below in detail with reference to the 
accompanying drawings. 

First of all. description will be made m connecbon 
with the operation principle of "pixel shifting" which 
makes it possible to pickup up an image of high irnage 
Quality by shifting the incident position of light incident 
on an image pickup surface of an image pickup ele- 
ment, on a pixel-by-pixel basis on the image pickup sur- 

The principle of optical-path shifting which uses 
refraction of light by a parallel-plane plate optical trans- 
mission glass will be described below with reference to 
Figs. 17(a) and 17(b). Fig. 17(a) shows a state before 
an optical path is shifted, while Rg. 17(b) shows a state 
after the optical path is shifted. 

In Figs. 17(a) and 17(b), reference numeral 100 
denotes a subject such as a document an 'mage of 
which is to be picked up. reference numeral 102 
denotes an image pickup lens unit, and reference 
numeral 103 denotes an optical element made of an 
optically transmissive substance. The optical e^emerrt 
103 is disposed so that it can incline with respec^ to the 
optical axis of the optical system, and is shaped like a 
parallel-plane plate having a uniform refrac*ve ind^ 
and serves as light-beam moving means. Reference 
numeral 104 denotes a solid-state image pickup ele- 
ment such as a CCD which serves as image pickup 
means for photoelectrically converting a light image o 
the subject 100 focused by the image pickup lens unit 
102 and outputting the obtained picked-up image sig- 

■ As shown in Fig. 17(a). light from a point 101a on 
the subject 100 passes through the lens unit 102 and 
the optical element 103 and is made incident on a pho- 
tosensitive portion 104a of the solid-state image p.d«ip 
element 104. so that the incident light is photoelectn- 
cally converted into valid data. 

On the other hand, light from a point 101b on the 
subject 100 passes through the lens unit 102 and the 
optical element 103 and is made incident on a non-pho- 
tosensitive portion 104b between adjacent photosensi- 
tive portions of the solid-state image pickup element 
104. but the incident light is not photoelectrically con- 
verted and is wasted as invalid data. 

Letting 61 be the amount of deviation of light 
between the direction in which the light enters the opti- 
cal element 103 and the refraction direction in which the 
light exits from the optical element 103. letting 6^be the 
angle made by the entering light and the normal to the 
entrance surface of the optical element 103. letting t be 
the thickness of the optical element 103. and lethng N 
be the refractive index of the optical element 103. tne 
following equation is obtained: 



The angle which the optical element 103 makes 
wHh^e image pickup surface oi ^^e-^^^^^ ^^f^^ 
5 pickup element 104 at this time is denoted by (o1 for 

convenience' sake. ^^-.^^i oio 

Fig 17(b) shows a state in which the optical ele- 
ment 103 is varied by an angle of cd = (<o2* - o>1 ) . 
n Fig 17(b). letting 62 be the amount of deviation 
,0 of light between the direction in which the ^m^riiers 
Se optical element 103 and the refraction direcl^on in 
which the light exits from the optical element 03^ and 
Sng 62 be the angle made by the entering ligm and 
ITe normal to the entrance surface of the optcal ele- 
15 ment 1 03. the following equation is obtained. 



62 = (1 - 1/N) • t • 62. 

where t is the thickness of the optical element 103 and 
20 N is the refractive index of the optical element 103. 

H^e a deviation 8 of the light which exrts from the 
optical element 103 toward the solid-state image pictaip 
SiSnt 1 04 when the optical system changes from the 
Steof Fig. 17(a)tothestateof Fig. 17(b) is expressed 
25 as follows: 

6 = 51 + 82 



= (1 - 1/N) • t • (61 + 62) 
= {1 - 1/N) • t • (a>2 ' 



0)1'), 



30 



so that 



5 = (1 - 1/N) • t • CO. 



35 During the state of Fig. 17(a), the light '"formation 
from the ,x>int 101b on the subject 100 is made incdent 
oHhe non-photosensitive portion 104b on the solid- 
Ste image pickup element 1 04 and is wasted as mvalri 
Sa. However, if the state of Fig. 17(a) is changed to 
40 the state of Fig. 17(b), it is possible to r^ake the hght 
S,rmation from the point 10lb incident on a photosen- 
sitive portion 104C of the solid-state image P'^hup ele 
ment 104. so that the light information can be used as 

« '"''if'the picked-up image data obtained in thejate erf 
Fig. 17(a) and the picked-up image data obtained in tt^e 
s^te of Fig. 17(b) are stored in a memory and the 
stored data are combined after phase-corrected, it is 
pLible to obtain the amount of data wHch ,s equiv^ 
so tent to twice the number of pixels of the solid-state 
image pickup element 104. 

On the basis of the above-described pnncple if the 
optical element 103 is made stationary at several indi^ 
nation positions and light information received by he 
55 2nd-stete image pickup element 104 for each of *e 
inclination positions is stored in the memory. . is p^^ 
We to obtain image information the amount of which is 
equivalent to several times the number of photosensi- 
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tive portions of the solid-state image pickup element 
104. 

The fundamental principle of "pixel shifting" itself is 
as described above, and preferred embodiments of the 
present invention will be described below. 

(First Embodiment) 

A first embodiment of the present invention com- 
prises a horizontal shifting mechanism and a vertical 
shifting mechanism both of which are provided between 
an image pickup lens and an image pickup element 
(CCD), and the horizontal shifting mechanism includes 
a parallel-plane plate glass for shifting a light beam 
entering from the image pickup tens, in a horizontal 
direction on an image pickup surface of the image 
pickup element, whereas the vertical shifting mecha- 
nism includes a parallel-plane plate glass for shifting 
such light beam in a vertical direction on the image 
pickup surface of the image pickup element. 

Figs. 1(a) and 1(b) are diagrammatic perspective 
views showing the arrangement of a pixel shifting sys- 
tem in an image pickup apparatus according to the first 
emtxxiiment of the present invention. In Figs. 1 (a) and 
1(b), an image pickup lens unit 1 constitutes an optical 
system, and an image pickup element 2 such as a CCD 
constitutes image pickup means. A transmission paral- 
lel-plane plate glass 3 is made of glass or plastics and 
constitutes an optical element for vertically shifting a 
light beam passing through the image pickup lens unit 1 
on an image pickup surface of the image pickup ele- 
ment 2. Permanent magnets 4U and 4D, each of which 
constitutes an engaging part, are respectively disposed 
at the opposite ends of the parallel-plane plate 3. and 
electromagnets 5Ua and 5Ub; 5Da and 5Db which con- 
stitute driving means for driving such optical element 
are respectively disposed before and behind the perma- 
nent magnets 4U and 40 in the direction of the optical 
axis. The incident position of the light beam on the 
image pickup surface can be vertically shifted up or 
down by controlling the respective electromagnets 5Ua, 
5Ub. 5Da and 5Db to control the state of inclination of 
the parallel-plane plate 3 and rotating the parallel-plane 
plate 3 In either of the directions Indicated by a double- 
headed arrow V. 

The electromagnet 5Ua Is composed of a yoke 51 U 
and a coil 53 U, and the electromagnet 5Ub is composed 
of a yoke 52U and a coil 54U. The electromagnets 5Ua 
and 5Ub constitute electromagnetic driving means for 
moving the permanent magnet 4U provided at the top 
end of the parallel-plane plate 3. back and forth in the 
direction of the optical axis. In such electromagnetic 
driving means, the supply of electricity to the coils 53U 
and 54U of the electromagnets 5Ua and 5Ub and the 
direction in which current flows through each of the 
same coils 53U and 54U are controlled to invert the 
magnetization polarities of the opposite end portions of 
each of the yokes 51 U and 52U. thereby varying the 



relationship between such magnetization polarities and 
the magnetization polarities of the permanent magnet 
4U to move the permanent magnet 4U back and forth in 
the direction of the optical axis by the obtained attractive 

5 and repulsive forces. 

The electromagnet 5Da is composed of a yoke 51 D 
and a coll 53D, and the electromagnet 5Db is composed 
of a yoke 52D and a coil 54D. The electromagnets 5Da 
and 5Db constitute electromagnetic driving means for 

10 moving the permanent magnet 4D provided at the bot- 
tom end of the parallel-plane plate 3. back and torth In 
the direction of the optical axis. In such electromagnetic 
driving means, the supply of electricity to the coils 53D 
and 54D of the electromagnets 5Da and 5Db and the 

15 direction in which current flows through each of the 
same coils 53D and 54D are controlled to invert the 
magnetization polarities of the opposite end portions of 
each of the yokes 51 D and 52D, thereby varying the 
relationship between such magnetization polarities and 

20 the magnetization polarities of the permanent magnet 
4D to move the permanent magnet 4D back and forth in 
the direction of the optical axis by the obtained attractive 
and repulsive forces. 

Figs. 18(a) and 18(b) are views aiding In explaining 

25 such electromagnetic driving means, and representa- 
tively show the electromagnet 5Ua iand 5Ub and the 
permanent magnet 4U for convenience of explanation. 

Referring to Fig. 18(a), the permanent magnet 4U Is 
made from a permanent magnet prepared by perma- 

30 nently magnetizing a cyllndricai rod by the use of. for 
example, a radially anisotropic or Isotropic magnet 
made of samarium cobalt or neodymium with magnetic 
poles being inverted at the opposite ends of the cylindri- 
cal rod as shown in Fig. 18(a). Othenvise, a steel rod 

35 having such magnets at its opposite ends may be used 
in such a manner that one of the magnets is located 
between one end of the yoke 51 U and the opposed end 
of the yoke 52U, while the other magnet is located 
between the other end of the 51 U and the opposed end 

40 of the yoke 52U. Othenwise, the periphery of such mag- 
net may be formed by molding or the like. What is 
essential is that a permanent magnet, which has partic- 
ular magnetic poles formed in Its particular portions to 
be respectively interposed between the opposite ends 

45 of the yoke 51 U and the corresponding ends of the yoke 
52U, is disposed between the yoke 51 U arxJ the yoke 
52U. 

In Fig. 18(a), if a current flows through the electro- 
magnetic coll 54U wound around the yoke 52U of the 

so electromagnet 5Ub and the opposite end portions of the 
yoke 52U are magnetized as shown in Fig. 18(a) (the 
left and right end portions are magnetized to have the S 
pole and the N pole, respectively, as viewed, in Fig. 
18(a)). the direction of such current Is assumed to be a 

55 plus direction. Similarly, if a current flows through the 
electromagnetic coil 53 U wound around the yoke 51 U of 
the electromagnet 5Ua and the opposite end portions of 
the yoke 51 U are magnetized as shown In Fig. 18(a) 
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(the left and right end portions are magnetized to have 
the S pole and the N pole, respectively, as viewed in Fig. 
18(a)). the direction of such current is assumed to be a 
plus direction. 

At this time, an attractive face acts between the 
permanent magnet 4U and the yoke 52U by the mag- 
netization of the yoke 52U of the electromagnet 5Ub so 
that the permanent magnet 4U is attracted to the yoke 
52U while a repulsive force acts between the perma- 
nent magnet 4U and the yoke 51 U by the magnetization 
of the yoke 51U of the electromagnet 5Ua so that the 
permanent magnet 4U is moved away from the yoke 
51 U. Thus, the permanent magnet 4U is instantane- 
ously moved upwardly as viewed in Fig. 18(a) by these 
two forces. 

In Fig 18(b). if a cun^ent flows through the electro- 
magnetic coil 54U wound around the yoke 52U of the 
electromagnet 5Ub and the opposite end portions of the 
yoke 52U are magnetized as shown in Fig. 18(b) (the 
left and right end portions are magnetized to have the N 
pole and the S pole, respectively, as viewed in Fig. 
18(b)) the direction of such current is assumed to be a 
minus direction. Similarly, if a cun-ent flows through ttie 
electromagnetic coil 53U wound around the yoke 51 U of 
the electromagnet 5Ua and the opposite end portions o 
the yoke 51 U are magnetized as shown in Fig. 18(b) 
(the left and right end portions are magnetized to have 
the N pole and the S pole, respectively, as viewed in Fig. 
1 8(b)). the direction of such current is assumed to be a 
minus direction. 

At this time, a repulsive force acts between the per- 
manent magnet 4U and the yoke 52U by the magnetaa- 
tion of the yoke 52U of the electromagnet 5Ub so that 
the permanent magnet 4U is moved away from the yoke 
52U while an attractive force acts between the perma- 
nent magnet 4U and the yoke 51 U by the magnetization 
of the yoke 51 U of the electromagnet 5Ua so that the 
permanent magnet 4U is attracted to the yoke 51 LJ. 
Thus the permanent magnet 4U is instantaneously 
moved downwardly as viewed in Fig. 18(b) by these two 

forces. _ . 

If the inclination angle of the parallel-plane plate 3 is 
varied by moving the top and bottom portions of the par- 
allel-plane plate 3 back and forth in the direction of the 
optical axis by controlling the energization and deener- 
gization and the current-flow directions of the respective 
electromagnets 5Ua and 5Ub; 5Da and 5Db, the inci- 
dent position of incident light, which has passed through 
the parallel-plane plate 3. on the image pickup surface 
of the image pickup element 2 can be shifted vertically 
(up or down) with respect to the direction of the optical 

axis. .J . X u • 

A parallel-plane plate glass 6 is provided for hori- 
zontally shifting a light beam passing through the image 
pickup lens unit 1 on the image pickup surface. Perma- 
nent magnets 7L and 7R. each of which constitutes a 
cylindrical member serving as an engaging part, are 
respectively disposed at the opposite ends of the paral- 



lel-plane plate 6. and electromagnets 8La and 8Li; 8Ra 
and 8Rb are respectively disposed before and behind 
the permanent magnets 7L and 7R in the ^^^^'^^^ 
the optical axis. The incident position the light beam 
, on the image pickup surface can be horizontally shifted 
towa«l the right or the left by controlling the respective 
electromagnets 8La. 8Q>. 8Ra and 8Rb to control he 
state of inclination of the parallel-plane plate 6 and rotat- 
ing the parallel-plane plate 6 in either of the directions 
10 indicated by a double-headed arrow H. 

■me electromagnet 8La is composed of a yoke 81 L 
and a coil 83L. and the electromagnet 8Uo is composed 
of a yoke 82L and a coil 84L. The electromagnets 8La 
and 80) constitute electromagnetic driving means, i.e . 
15 driving means for moving the permanent magnet 7L 
provided at the left end of the parallel-plane plate 6 
back and forth in the direction of the optical axis In sudh 
electromagnetic driving means, the supply of electricity 
to the coils SSL and 84L of the electromagnets 8La and 
20 8li> and the direction in which current flows through 
each of the same coils 83L and 84L are controlled to 
invert the magnetization polarities of the opposrte end 
portions of each of the yokes 81 L and 82U thereby var- 
ying the relationship between such magnetization polar- 
25 ities and the magnetization polarities of the permaneirt 
magnet 7L to move the permanent magnet 7L back ana 
forth in the direction of the optical axis by the obtained 
attractive and repulsive forces. u^ona 
The electromagnet 8Ra is composed of a yoke 81 R 
30 and a coil 83R. and the electromagnet 8Rb is comp<»ed 
of a yoke 82R and a coil 84R. The electromagnets 8Ra 
and 8Rb constitute electromagnetic driving means i.e 
driving means for moving the permanent magne 7R 
provided at the right end of the parallel-plane plate 6^ 
35 back and forth in the direction of the optical axis In sudh 
electromagnetic driving means, the supply o elertricrty 
to the coils 83R and 84R of the electromagnets 8Ra and 
8Rb and the direction in which current flows through 
each of the same coils 83R and 84R are controlled to 
40 invert the magnetization polarities of the opposite ^d 
portions Of each of the yokes 81 R and 82R. thereby var- 
ying the relationship between such magnetization polar- 
ities and the magnetization polarities of the permanent 
magnet 7R to move the pemianert magnet 7R bacK 
45 and forth in the direction of the optical axis by the 
obtained attractive and repulsive forces. 

H the inclination angle of the parallel-plane plate 6 is 
varied by moving the right and left portions of the paral- 
lel-plane plate 6 back and forth in the direction of the 
50 optical axis by controlling the energization and deener- 
gization and the current-flow directions of the respertive 
electromagnets 8Ra and 8Rb: 8La and 81^. the incident 
position of incident light, which has passed through the 
parallel-plane plate 6, on the image pickup surface of 
55 the image pickup element 2 can be shHted horizorrteMy 
(toward the right or the left) with respect to the direction 
of the optical axis. 

The two vertical and horizontal parallel-plane plates 
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3 and 6 are disposed in the space between the Image 
pickup lens unit 1 and the image pickup element 2 in 
such a manner that the respective parallel-plane plates 
3 and 6 are made to incline with respect to the vertical 
and horizontal directions, thereby shifting the position of 
Incidence on the image pickup surface of the light beam 
which has passed through the image pickup lens unit 1 , 
in the vertical and horizontal directions at a pitch smaller 
than the pixel-to-pixel distance of the Image pickup ele- 
ment 2. Accordingly, the image pickup apparatus can 
pick up an image which is incident on the image pickup 
surface at a location between each pixel of the image 
pickup element 2. so that the Image pickup apparatus is 
capable of realizing an image quality equivalent to that 
of an image picked up by an image pickup element, the 
number of pixels of which is greater than the actual 
number of pixels of the image pickup element 2. 

The detailed arrangement and the operation of the 
pixel shifting system according to the first embodiment 
will be described below with reference to Rgs. 2(a), 2(b) 
and 2(c) to 12. 

Figs. 2(a). 2(b) and 2(c) show the arrangement of 
the parallel-plane plate 3 which performs vertical pixel 
shifting. 

The pixel shifting system according to the first 
embodiment is disposed between the image pickup tens 
unit 1 and the image pickup element 2. In practice, the 
pixel shifting system may be disposed, for example. In 
the lens barrel of a camera or in the camera body 
thereof. 

Fig. 2(a) shows the state of the parallel-plane plate 
3 as viewed from the front side, i.e., in the direction of 
Incidence of a light beam, while Fig. 2(b) shows the 
state of the parallel-plane plate 3 as viewed from the 
right side. As shown in Fig. 2(a). the parallel -plane plate 
3 is positioned in front of the image pickup surface of the 
Image pickup element 2, and has a size which covers 
the entire image pickup surface. 

The top and bottom permanent magnets 4U and 4D 
of the parallel-plane plate 3 are located In a frame por- 
tion of the lens barrel or a frame portion of the camera 
body. 

As shown in Fig. 2(b). the parallel -plane plate 3 Is 
heki in the state In which the permanent magnets 4U 
and 4D provided at the opposite ends of the parallel- 
plane plate 3 are respectively movably fitted in recesses 
91 U and 91 D formed In the frame portion, I.e., in the 
state of having predetermined clearances in the forward 
and rearward directions and in the upward and down- 
ward directions. 

Each of the recesses 91 U and 91 D is extended by 
a length approximately equal to the width of the parallel- 
plane plate 3 In a direction perpendicular to the surface 
of the sheet of Rg. 2(b). and the permanent magnets 
4U and 4D provided at the opposite ends of the parallel- 
plane plate 3 are formed into cylindrical shapes which 
respectively extend along inner surfaces 92U and 93U 
of the recess 91 U and inner surfaces 92D and 93D of 



the recess 91 D. Accordingly, the permanent magnets 
4U and 4D can come into line contact with restriction 
surfaces in the respective recesses 91 U and 91 D so 
that the inclination of the parallel-plane plate 3 with 
5 respect to the rolling direction can be restricted. As 
another method for obtaining the same effect as the line 
contact due to the cylindrical shape, a plurality of point 
contact portions may be formed on the line of the line 
contact. 

10 These recesses 91 U and 91 D function as restric- 
tion portions for positioning the optical element of the 
present invention, and the surfaces which come Into 
abutment with the permanent magnets which constitute 
the engaging parts of the parallel -plane plate serving as 

15 the optical element function as position restricting sur- 
faces for positioning. 

By bringing the permanent magnet 4U into abut- 
ment with either of the inner surfaces 92U and 93U 
which are respectively arranged in the recess 91 U 

20 along the optical axis, i.e.. located on the left and right 
sides as viewed in Fig. 2(b). and by bringing the perma- 
nent magnet 4D Into abutment with either of the inner 
surfaces 92D and 93D which are respectively arranged 
in the recess 91 D along the optical axis, i.e., located on 

25 the left and right sides as viewed in Fig. 2(b), the inclina- 
tion position of the parallel-plane plate 3 with respect to 
the optical axis is determined, and the respective 
amounts of movements along the optical axis of the per- 
manent magnets 4U and 4D provided at the opposite 

30 ends of the parallel-plane plate 3 are determined 
according to the respective widths of the recesses 91 U 
and 91 D which are taken in the direction of the optical 
axis. In consequence, the parallel-plane plate 3 is con- 
trolled so that the amount of inclination of the parallel- 

35 plane plate 3 is made different. 

The present pixel shifting system also includes the 
parallel-plane plate 6 which has an arrangement similar 
to the above-described one for the purpose of horizontal 
pixel shifting. The positional relation between the paral- 

40 lel-plane plate 3 and the parallel-plane plate 6 is shown 
in Figs. 3(a) and 3(b). 

Fig. 3(a) is a front elevational view taken in the 
direction of the optical axis, and Fig. 3(b) is a top plan 
view. As can also be seen from Fig. 1 (a), the parallel- 

45 plane plate 6 for horizontal pixel shifting and the paral- 
lel-plane plate 3 for vertical pixel shifting are disposed in 
a perpendicular relation to each other between the 
Image pickup lens unit 1 and the image pickup element 
2. 

so The main feature of the pixel shifting system 
according to the first embodiment resides in the 
arrangement in which a multiplicity of inclination posi- 
tions of each of the parallel-plane plates can be 
obtained by restricting the inclination position of each of 

55 the parallel-plane plates by means of the permanent 
magnets provided at the opposite ends and the corre- 
sponding recesses, and In which the electromagnets 
and the permanent magnets are used as driving 
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sources for the parallel-plane plates and each of the 
parallel-plane plates is disposed in such a manner that 
the permanent magnets at the opposite ends are mova- 
bly fitted in the con-esponding recesses. In operation, 
the position of each of the parallel-plane plates is 
restricted by the attractive and repulsive forces pro- 
duced by the relationship between the electromagnetic 
magnetization poles of the electromagnets and the 
electromagnetic magnetization poles of the permanent 
magnets. If the electromagnets are not excited, the par- 
allel-plane plates are held at their electromagnetically 
deenergized positions by the magnetic forces of the per- 
manent magnets. Accordingly, there is no need for a 
special arrangement for supporting the parallel-plane 
plates when the electromagnets are not exated. With 
such a supporting arrangement, unlike a conventional 
system, it is possible to omit a gimbal mechanism hav- 
ing vertical and horizontal rotating shafts and the like. 

Each of the parallel-plane plates 3 and 6 is merely 
movably fitted in the corresponding recesses, and there 
Is no need for a special supporting mechanism such as 
a gimbal. In addition, since electromagnetic forces are 
directly applied to the respective permanent magnets as 
driving forces, there is no need for a mechanism for 
transmitting the driving forces, so that not only can the 
arrangements of the parallel-plane plates 3 and 6 be 
made simple but also the parallel-plane plates 3 and 6 
can be driven at extremely high speeds and their posi- 
tions can be controlled with high accuracy 

Figs 4 to 7 are views aiding in explaining the con- 
trol of the inclination position of the parallel-plane plate 
3 which performs vertical pixel shifting. The main fea- 
ture of the arrangement of the first embodiment resides 
in the relative positional relation between the recesses 
91 U and 91 D and the setting of the width of each of the 
recesses 91 U and 91 D. 

Figs 4 to 7 respectively show different inclination 
positions of the parallel-plane plate 3 for sequentially 
shifting down the incident position of a light beam which 
corresponds to one point on a subject, on the image 
pickup surface of the image pickup element 2. 

Referring to Fig. 4. the dimensions of the recess 
91 U in which the permanent magnet 4U provided at the 
top end of the parallel-plane plate 3 is movably fitted 
and those of the recess 91 D in which the permanent 
magnet 4D provided at the bottom end of the parallel- 
plane plate 3 is movably fitted are set in such a manner 
that the widths of the recesses 91 U and 91 D, i.e., the 
lengths of the recesses 91 U and 91 D in the direction of 
the optical axis, are approximately equal to each other, 
and the positions of the recesses 91 U and 91 D are 
approximately the same as each other. 

Referring to the upper portion of Fig. 4. the current- 
flow direction of the coil 53U is controlled so that an 
attractive force acts between the electromagnet 5Ua 
and the permanent magnet 4U. while the current-flow 
direction of the coil 54U is controlled so that a repulsive 
force acts between the electromagnet 5Ub and the per- 



manent magnet 4U. Therefore, in the recess 91 U he 
permanent magnet 4U is attracted to the yoke 51U o^ 
the electromagnet sua and positioned by abutment w* 
the position restricting surface 92U which is located 
5 before the permanent magnet 4U in the direction of me 
optical axis. Referring to the lower portion of Fig. 4, the 
current-flow direction of the coil 53D is controlled so that 
a repulsive force acts between the electromagnet 5Da 
andthe permarsnt magnet 4D. while the current-flow 
,0 direction of the coil 54D is controlled so that an attrac- 
tive force acts between the electromagnet 5Db and the 
permanent magnet 4D. Therefore, in the rece^ 91 D 
the permanent magnet 4D is attracted to the yoke 52D 
of the electromagnet 5Db and positioned by abutmerrt 
,5 with the position restricting surface 93Dwhichis located 
behind the permanent magnet 4D in the direction of the 
optical axis. 

In the first embodiment, when the pixel shifting sys- 
tem is in the state shown in Fig. 4. the parallel -plane 
20 plate 3 is set to be positioned in a relation perperidicular 
to the optical axis, but none of the states of inclination 
shown in Figs. 4. 5. 6 and 7 is absolute The present 
pixel shifting system fe intended to allow an image 
which originally cannot be incident on the image pickup 
25 surface, to be made incident thereon according to We 
inclination angle of the parallel-plane plate 3 and the 
parallel-plane plate 3 need not be perpendicular to ttie 
optical axis in any of the states shown in Figs. 4. 5. B 

30 ^ Letting d1 be the clearance between the permanent 
magnet 4U and the width of the recess 91 U. i.e. . the dis- 
tance between the permanent magnet 4U and the posi- 
tion restricting surface 93U in the recess 91 U. and 
letting d2 be the clearance between the pernranent 
35 magnet4Dandthewidthof therecess91D. ie-.thedis- 
tance between the permanent magnet 4D and *e posi- 
tion restricting surface 92D in the recess 91 D. the 
relation between d1 and d2 is set to d2 = 2d1 . i.e.. the 
distance d2 is twice as large as the distance d1 . 
40 In Fig 4 a>l denotes the angle made by the paral- 
lel-plane plate 3 and the image pickup surface of the 
image pickup element 2. Incidentally, the distances d1 
and d2 are set with high precision. Although the sizes o 
the permanent magnets 4U, 4D and flie like are also set 
.5 with high precision, there are many cases in wh|Ch high 
precision is impossible to obtain witti only ttie aforesaid 
types of magnets To cope with such cases, the portions 
of each of the permanent magnets that are required to 
have a far higher precision, for example, abutment por- 
50 tions for abutment with the corresponding position 
restricting surfaces may be formed from a steel rod or 
by molding or the like. What is essential is «iat a perma- 
nent magnet having a particular magnetic pole is dis- 
posed in a portion between one yoke and the opposed 
55 yok© 

Fig 19(a) shows a waveform representing the mov- 
ing speed of the permanent magnet 4U. and the hon- 
zontal axis represents time, while the vertical axis 
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represents phase. The two waveforms shown in the 
lower portion of Fig. 19(a) represent those of the 
respective electromagnet 5Ua and the electromagnet 
5Ub, with the inversions of their energizations and their 
current-flow directions being plotted against the same 
time axis. 

Fig. 19(b) comparatively shows the waveform rep- 
resenting the moving speed of the permanent magnet 
4U and a waveform representing a moving speed 
obtainable in an arrangement in which, for example, the 
permanent magnet 4U is replaced with a mere amnature 
to be electromagnetically attracted by the electromag- 
nets 5Ua and 5Ub. which armature uses only a steel rod 
of electromagnetic soft iron or the like. In Fig. 19(b), the 
horizontal and vertical axes represent time and phase, 
respectively. The two waveforms shown in the lower 
portion of Fig. 19(b) represent those of the respective 
electromagnet 5Ua and the electromagnet SUb. with the 
inversions of their energizations and their current-flow 
directions being plotted against the same time axis. As 
is apparent from Figs. 1 9(a) and 1 9(b) whose scales are 
the same, the moving speed of the permanent magnet 
4U is evidently higher than that of the armature made 
from a mere steel rod. 

In the state shown in Fig. 4, if the electromagnets 
5Ua and SUb are excited In such a manner that the cur- 
rent-flow direction of the coil 53U is inverted so that a 
repulsive force acts between the electromagnet 5Ua 
and the permanent magnet 4U, while the current-flow 
direction of the coil 54U is inverted so that an attractive 
force acts between the electromagnet SUb and the per- 
manent magnet 4U, the permanent magnet 4U provided 
at the top end of the parallel-plane plate 3 moves away 
from the position restricting surface 92U in the recess 
91 U and is attracted to the position restricting sur^ce 
93U and positioned by abutment with the position 
restricting surface 93U. Thus, the parallel-plane plate 3 
goes to the state shown in Fig. 5. 

In the state shown in Fig. 5. the inclination position 
of the parallel-plane plate 3 is restricted by the abutment 
between the permanent magnet 4U provided at the top 
end of the parallel-plane plate 3 and the position 
restricting surface 93U in the recess 91 U and by the 
abutment between the permanent magnet 4D provided 
at the bottom end of the parallel-plane plate 3 and the 
position restricting surface 93 D in the recess 91 D. Spe- 
cifically, the parallel-plane plate 3 is inclined from the 
state of Fig. 4 toward the right by one step as viewed in 
Fig. 4, and the incident position of the light beam on the 
image pickup surface of the image pickup element 2 is 
shifted downward on the image pickup surface. Inciden- 
tally, co2 denotes the angle made by the image pickup 
surface and the parallel-plane plate 3 in the state shown 
in Fig. 5. 

In the state shown in Fig. 5. if the current-flow direc- 
tion of the coil 54U is inverted so that a repulsive force 
acts between the electromagnet SUb of the recess 91 U 
and the permanent magnet 4U, while the current-flow 



direction of the coil 53U is inverted so that an attractive 
force acts between the electromagnet SUa and the per- 
manent magnet 4U. the permanent magnet 4U moves 
away from the position restricting surface 93U in the 

5 recess 91 U and is attracted to the position restricting 
surface 92U and positioned by abutment with the posi- 
tion restricting surface 92U. 

In addition, if the current-flow direction of the coil 
54D is inverted so that a repulsive force acts between 

10 the electromagnet 5Db of the recess 91 D and the per- 
manent magnet 4D. while the current-flow direction of 
the coil S3D is inverted so that an attractive force acts 
between the electromagnet SDa and the permanent 
magnet 4D. the permanent magnet 4D provided at the 

15 bottom end of the parallel -plane plate 3 moves away 
from the position restricting surface 93D in the recess 
91 D and is attracted to the position restricting surface 
92 D and positioned by abutment with the position 
restricting surface 92D. Thus, the parallel-plane plate 3 

20 goes to the state shown in Fig. 6. 

In the state shown in Fig. 6. the inclination position 
of the parallel-plane plate 3 is restricted by the abutment 
between the permanent magnet 4U provided at the top 
end of the parallel -plane plate 3 and the position 

25 restricting surface 92U in the recess 91 U and by the 
abutment between the permanent magnet 4D provided 
at the bottom end of the parallel-plane plate 3 and the 
position restricting surface 92D in the recess 91 D. Spe- 
cifically the parallel-plane plate 3 is further inclined from 

30 the state of Fig. 5 toward the right by one step as viewed 
in Fig. 5, and the incident position of the light beam on 
the image pickup surface of the image pickup element 2 
is shifted further downward on the image pickup sur- 
face. Incidentally. co3 denotes the angle^made by the 

35 image pickup surface and the parallel-plane plate 3 in 
the state shown in Fig. 6. 

In the state shown in Fig. 6. if the current-flow direc- 
tion of the coil S3U is inverted so that a repulsive force 
acts between the electromagnet SUa and the perma- 

40 nent magnet 4U, while the current-flow direction of the 
coil S4U is inverted so that an attractive force acts 
between the electromagnet SUb and the permanent 
magnet 4U, the permanent magnet 4U provided at the 
top end of the parallel-plane plate 3 moves away from 

45 the position restricting surface 92 U in the recess 91 D 
and is attracted to the position restricting surface 93U 
and positioned by abutment with the position restricting 
surface 93U. In addition, the permanent magnet 4D pro- 
vided at the bottom end of the parallel-plane plate 3 is 

so positioned by abutment with the position restricting sur- 
face 92D. Thus, the parallel -plane plate 3 goes to the 
state shown in Fig. 7. 

In the state shown in Fig. 7, the parallel-plane plate 
3 is further inclined from the state of Fig.-6 toward the 

55 right as viewed in Fig. 6. and the inclination angle of the 
parallel-plane plate 3 reaches its maximum. Incidentally, 
csA denotes the angle made by the image pickup surface 
and the parallel-plane plate 3 in the state shown in Fig. 
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As is apparent from Figs. 4 to 7. by sequentially var- 
ying the inclination of the parallel-plane plate 3 in the 
order of col , co2. co3 and ©4. it is possible to control the 
parallel-plane plate 3 to vary its inclination angle in four 
steps Thus, the incident position of the light beam com- 
ing from the subject can be vertically shifted among four 
positions on the image pickup surface. 

Incidentally, the angles oal to fsA are selected to sat- 
isfy the following relation: 

(ffl2 - <Bl) = (ffiS - o>2) = (<d4 - 003) = constant, 

and this relation indicates that the incident position of 
the light beam on the image pickup surface is shifted by 
an equal distance on the image pickup surface accord- 
ing to the variation in the inclination of the parallel-plane 
plate 3. 

In the first embodiment, the clearance d1 between 
the permanent magnet 4U and the position restricting 
surface 92U or 93U in the recess 91 U and the clearance 
d2 between the permanent magnet 4D and the position 
restricting surface 92D or 93D in the recess 91D are set 
so that the amount of shifting for one step becomes 
equal to half of the pixel-to-pixel distance of the image 
pickup element 2. The clearances dl and d2. which 
determine the inclination angle of the parallel-plane 
plate 3. are varied according to the pixel-to-pixel dis- 
tance of the image pickup element 2 or the amount of 
shifting for one step 4v,^„ar 
As is apparent from the above description, the par- 
allel-plane plate 3 is supported with some play in such a 
manner that the opposite permanent magnets 4U and 
4D are movably fitted in the respective recesses 91 U 
and 91 D and the inclination angle of the parallel-plane 
plate 3 is determined by bringing each of the permanent 
magnets 4U and 4D into abutment with either of the 
position restricting surfaces in the corresponding one of 
the recesses 91 U and 91 D by the magnetic polarity of 
the associated one of the electromagnets due to excita- 
tion Since each of the permanent magnets which 
comes into abutment wrtth either of the corresponding 
posHion restricting surfaces has a cylindrical shape, 
even if the positions of abutment of the cylindncal per- 
manent magnets on the position restricting surfaces 
integrally deviate in a longitudinal direction of the paral- 
lel-plane plate 3. the inclination angle of the parallel- 
plane plate 3 does not vary, so that the incident position 
of the light beam on the image pickup surface of the 
image pickup element does not vary. 

Furthermore, even if the inclination angle of the par- 
allel-plane plate 3 varies, the central position of the par- 
allel-plane plate 3 in the direction of the optical axis 
does not vary, so that accurate pixel shifting can be 
effected at all times. 

Incidentally, since each of the permanent magnets 
has a cylindrical shape, when the permanent magnet is 
attracted by the electromagnetic force of the corre- 



sponding electromagnet, the portion of the Permanent 
magnet which comes into closest proximity to either of 
the corresponding position ^es^'^'^Q ^"'^'^^^.J"!!^ 
point (actually, a line). Therefore, the paraM^lane 
5 plate 3 is centered by the position of the yoke orme 
electromagnet, and substantially does not suffer a posi- 
tional deviation. 

Accordingly, the inclination of the parallel-P ane 
Dlate 3 is set so thai the incident position of the light 
w beam on the image pickup surface is shiHed ^rtj^^^f 
tance equivalent to half of the pixel-to-pixel distance of 
the image pickup surface for each Inclination anglej^^e_, 
at a half-pixel pitch for each inclination angle. Accord- 
Inqly it is possible to obtain the number of pixels which 
,5 is substantially four times the number of pix^s dtm 
actual image pickup element in the vertical direction 

*^'t?Ius, four images are picked up by the image 
Dickup element for the respective inclination positions of 
20 *e parallel-plane plate 3. and the Pi'^ked-up four 
images are sequentially stored in a memory. During 
reading from the memory, the order of readins of each 
pixel of the four images is controlled so that *ie four 
images can be combined into one image of high image 

^ ""^'S.e above description has referred to the vertical 
pixel shifting on the image pickup surface. However^ 
since the first embodiment of the present invention e 
also provided with a similar pixel shifting m«5hanism 
30 which performs horizontal pixel shifting, the first en±KKl- 
iment is capable of performing honzontal P«el shifting 
so that the number of pixels of the image pickup ele- 
ment can be made substantially four times, i.e.. sixteen 

times in total. . . _.i,„„„ 

35 Figs 8 to 1 1 are views aiding in explaining tiie oper- 
ation of performing horizontal pixel shifting by sequen- 
tially varying the inclination angle of tiie parallel-plane 
plate 6 for horizontal pixel shifting. 

Since the arrangement and the operation pnnciple 
40 of the horizontal pixel shifting mechanism are the same 
as those ol the vertical pixel shifting mechanism shown 
In Figs. 4 to 7, the detailed description of the horizontal 
pixel shifting mechanism is omitted herein. 

Incidentally, the inclination angle of the parallel- 
45 plane plate 6 is determined by position restrictffig sur- 
faces 92L and 93L of a left recess 91 L in which the per- 
manent magnet 7L mounted at tine left end of he 
parallel-plane plate 6 is movably fitted and position 
restricting surfaces 92R and 93R of a rigW recess 91 R 
so in which the permanent magnet 7R mounted at the r ght 
end of the parallel-plane plate 6 is movably fitted. Let- 
ting d3 be the clearance between the permanent mag- 
n^7Landthewidthoftherecess91L.andl6ttingd4be 

the clearance between the permanent magnet 7R ana 
55 tiie width of the recess 91 R. the relation between d3 
and d4 is set to d4 = 2d3 in the first embodiment. 

In the above-described an-angement. if the angle 
made by tiie image pickup surface and the parallel- 
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plane plate 6 Is stepwise varied (increased) in the order 
of cdS. co6. CO? and co8 while the inclination angle of the 
paralleli3lane plate 6 is being increased in the order of 
Figs. 8. 9. 10 and 11, horizontal pixel shifting can also 
be performed on the image pickup surface at intervals of 5 
an equal distance. 

Incidentally, the angles a>5 to co8 are selected to sat- 
isfy the following relation: 

(006 - cd5) = (co7 - C06) = (<o8 - co7) = constant. 10 

In the first embodiment, the clearance d3 between 
the permanent magnet 7L and the position restricting 
surface 92L or 93L in the recess 91 L and the clearance 
d4 between the permanent magnet 7R and the position 75 
restricting surface 92B or 93 R in the recess 91 R are set 
so that the amount of shifting for one step becomes 
equal to half of the horizontal pixel-to-pixel distance of 
the image pickup element 2. The clearances d3 and d4. 
which determine the inclination angle of the parallel- 20 
plane-plate 6, are varied according to the pixel-to-pixel 
distance of the image pickup element 2 or the amount of 
shifting for one step. 

Incidentally, although the vertical pixel shifting 
shown in Figs. 4 to 7 and the horizontal pixel shifting 25 
shown in Figs. 8 to 11 are performed so as to sequen- 
tially increase the respective inclination angles of the 
parallel -plane plates 3 and 6. images are picked up for 
the respective inclination positions and stored in the 
memory so that the innages can be combined into one 30 
image by processing to be performed at a later time. 
Accordingly, the respective inclination angles of the par- 
allel-plane plates 3 and 6 may be varied in arbitrary 
order. In other words, the vertical pixel shifting and the 
horizontal pixel shifting need not be limited to the order 35 
shown in Figs. 4 to 7 and the order shown in Figs. 8 to 
1 1 , and may be performed in arbitrary order as long as 
four images in the vertical direction and four images in 
the horizontal image, a total of sixteen images, can be 
picked up by controlling each of the electromagnets. 40 

Furthermore, since the vertical pixel shifting mech- 
anism and the horizontal pixel shifting mechanism are 
independent of each other, the direction and the order 
of pixel shifting by each of the vertical and horizontal 
pixel shifting mechanisms may be arbitrary. As a matter 45 
of course, each of the parallel plates must be kept sta- 
tionary during an image pickup operation for each pixel 
shifting position. 

Fig. 12 is a diagrammatic view showing, on a pixel 
scale, variations in the incident position of a light beam so 
on the image pickup surface which respective corre- 
spond to the four states of the parallel -plane plate 3 
shown in Figs. 4 to 7. 

In Fig. 12, the respective states shown in Figs. 4 to 
7 are conceptually shown in Parts (1). (2). (3) and (4). 55 
As shown, by sequentially varying the inclination of the 
parallel-plane plate 3. the incident position of a light 
beam which would originally be made incident on only 



one point on the image pickup surface can be shifted 
among four locations, whereby four light beams for four 
vertically offset locations some of which lie between ver- 
tically adjacent pixels can be made incident on one pixel 
on the image pickup surface of the image pickup ele- 
ment. 

In other words, it is possible to obtain image infor- 
mation carried by a light beam which would originally be 
incident on the non -photosensitive portion between 
each pixel on the image pickup surface or on a pixel 
other than a predetermined pixel. In consequence, it is 
possible to achieve an effect equivalent to an increase 
in the number of pixels per image pickup element. 

In Fig. 12. reference numeral 2a denotes the image 
pickup surface of the image pickup element 2. A color 
filter is disposed on the image pickup surface 2a in such 
a manner that four kinds of pixels, Cy (cyan), Ye (yel- 
low), G (green) and Mg (magenta), are arrayed as 
shown and constitute one pixel of a color image to be 
picked up. 

During vertical pixel shifting, by varying the inclina- 
tion angle of the parallel-plane plate 3 with respect to 
the optical axis thereof, it is possible to sequentially shift 
a light beam which would originally be made incident on 
the same position, among four vertical positions some 
of which are positions t^etween adjacent pixels, i.e.. 
positions where pixels are absent, as viewed in Fig. 12. 
In other words, as viewed from the side of the pixels of 
the image pickup element 2. it is possible to obtain 
image Information for each pixel, which originally could 
not be obtained because the image information is car- 
ried by a light beam to be made incident on a position 
between each pixel and an adjacent pixel. 

In the first embodiment, since pixel shifting is per- 
formed over four positions in the vertical direction and 
over four positions in the horizontal direction, it is possi- 
ble to simply increase the number of pixels per image 
pickup element to substantially sixteen times (=4x4). 
If a pixel shifting system which performs pixel shifting in 
either one of the vertical and horizontal directions in 
accordance with the present invention is applied to an 
image pickup element having 1 .300.000 pixels, it is pos- 
sible to obtain an image quality equivalent to that 
obtainable with an image pickup element having 
1 ,300.000 X 4 = 5.200.000 pixels. 

Accordingly, if a pixel shifting system which per- 
forms pixel shifting in both the vertical and horizontal 
directions in accordance with the present invention is 
applied to such image pickup element having 1 ,300,000 
pixels, it is possible to obtain an image quality equiva- 
lent to 5.200,000 X 4 = 20,800.000 pixels. 

(Second Embodiment) 

A second embodiment of the pixel shifting system ' 
according to the present invention will be described 
below. 

As compared with the first embodiment, the feature 
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Of the second embodiment resides in a simplified driv- 
ing system which includes electromagnets for driving 
parallel-plane plates, and its reduced power consump- 
tion. 

Figs 1 3(a). 1 3(b) and 1 3(c) show the essential por- 
tion of the second embodiment. Fig. 13(a) is a front ele- 
vational view taken in the direction of the optical axis, 
and Fig. 1 3(b) is a top plan view. ^ , 

As shown in each of Figs. 13(a). 13(b) and 13(c). 
the second embodiment differs from the first embodi- 
ment in that part of the coils of the electromagnets used 
in the first embodiment are omitted and each pair of 
opposed ones of the electromagnets is integrated into 
one electromagnet. In Figs. 13(a) and 13(b). identical 
reference numerals are used to denote constituent ele- 
ments identical to those used in the first embodiment, 
and the description of such constituent elements is 
omitted for the sake of simplicity. 

Specifically, in the respective electromagnets of the 
second embodiment, the coils 53U and 54U are 
replaced with one coil 57U. the coils 53D and 54D with 
one coil 57D. the coils 83L and 84L with one coil 87L. 
and the coils 83R and 84R with one coil 87R. Further, 
the yokes 51 U and 52U are replaced with one yote 55U. 
the yokes 51 D and 52D with one yoke 55D. the yokes 
81 L and 82L with one yoke SSL. and the yokes 81 R and 
82R with one yoke 85R. 

The reasons why the integration of the yokes 51 U 
and 52U; 51 D and 52D; 81 L and 82L; and 81 R and 82R 
can be realized are that the yokes 51 U and 52U; 51 D 
and 52D: 81 L and 82L; and 81 R and 82R are ananged 
to be magnetized so that magnetic poles to appear at 
both ends of either of the paired yokes become the 
same as magnetic poles to appear at their opposite 
ends of the other, and that each of the permanent mag- 
neto has alternate magnetization patterns. Thus, in the 
second embodiment, it is possible to reduce the 
required number of electromagnets to four which is half 
the number (8) of electromagnets required in the first 
embodiment. 

Rg. 13(c) shows the shape of the yoke 85R. An 
arrow "a" is headed in the direction from the top to the 
bottom of the yoke 85R as viewed in Fig. 13(a). and an 
arrow "b" is headed in the direction from the obverse 
surface to the reverse surface of the sheet of Fig. 13(a). 

It is assumed here that the permanent magnet 7R. 
which is made from a cylindrical member and located to 
extend through the gaps of the yokes 85R and SSL. is 
magnetized so that, as viewed in Fig. 13(c). the length- 
wise left-side portion of the permanent magnet 7R has 
the N pole and the S pole at its top and bottom ends, 
respectively, while the lengthwise right-side portion of 
the permanent magnet 7R has the S pole and the N 
pole at Its top and bottom ends, respectively. In this 
state of magnetization, if the coil 87R is energized so 
that end portions 851 R and 852R of the yoke 85R are 
magnetized to have the S poles, while end portions 
853R and 854R of the yoke 85R are magnetized to have 



the N poles, the top portion of the permanent magnet - 
7R is moved toward the end portion 854R by an attrac- 
tive force which acts between the right-side portion of 
the top portion of the permanent magnet 7R and the 
5 end portion 854R of the yoke 85R. and a repulsive force 
Which acts between the lett portion of the top portion o 
the permanent magnet 7R and the end portion 853R of 
the yoke 85R. 

Similarly, the bottom portion of the permanent mag- 
10 net 7R is moved toward the end portion 851 R by an 
attractive force which acts between the right-side por- 
tion of the bottom portion of the permanent magnet 7R 
and the end portion 851 R of ttie yoke 85R. and a repu - 
sive force w/hich acts between the left portion of the bot- 
,5 tom portion of the permanent magnet 7R and the end 
portion 852R of the yoke 85R. ^. ^ , 

Accordingly, in the second embodiment which h^ 
one coil per permanent magnet, an attractive force and 
a repulsive force are concurrently applied to the perma- 
20 nent magnet at all times in a manner similar to that per- 
formed in ttie first embodiment, and the permanent 
magnet 7R can be driven with a force twice as large ^ 
the force with which a mere annature is attracted by 
electromagnets. .^l, „, 

25 Since the vertical pixel shifting operation of the par- 
allel-plane plate 3 and the horizontal pixel shifting oper- 
ation of ttie parallel-plane plate 6 are as descnbed 
previously witti reference to Figs. 4 to 7, 8 to 1 1 m con- 
nection with the first embodiment a further description 

30 is omitted herein. , „ivoi 

The arrangement and the operation of the pixel 
shifting system according to ttie present invention are 
as described above, and ttie following description will 
refer to an arrangement in which such a pixel shifting 
35 system is actually incorporated in a lens barrel or a 

camera body. , 
Fig 14 is an exploded perspective view of a pixel 
shifting unit in which the pixel shifting mechanism 
according to ttie first or second embodiment of Vne 
40 present invention is incorporated. 

In Fig 14 reference numerals 9 and 9 denote 
frames each of which supports the conesponding elec- 
tromagnets and parallel-plane plates. The frames 9 and 
9- are separated from each other in the direction of the 
45 optical axis, and each of them has an opening ttirough 
which to pass a light beam at a location centered about 
the optical axis. . 

The electromagnets 5Ub, SDb. 8Uo and 8Rb are 
disposed at predetermined positions of ttie joining sur- 
50 face of the rear frame 9 which surrounds the opening 9a 
of ttie rear frame 9 and is opposed to the front frame 
portion 9'. The position restricting surfaces 93U and 
93D 93L and 93R are respectively formed in the 
recesses 91 U and 91 D. 91 L and 91 R into which to 
55 insert the vertical and horizontal parallel-plane plates 3 
and 6. respectively. 

The respective yokes 52U and 52D of the electro- 
magnets 5Ub and SDb are exposed at positions 
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opposed to the permanent magnets 4U and 4D of the 
parallel-plane plate 3. while the respective yokes 82L 
and 82 R of the respective electromagnets BUb and 8Rb 
are exposed at positions opposed to the permanent 
magnets 7L and 7R of the parallel-plane plate 6. 5 

The front frame 9* which is opposed to the rear 
frame 9 has the electromagnets 5Ua. 5Da, BLa and 8Ra 
at positions opposed to the respective electromagnets 
5Ub, 5Db, 8Lb and BRb. The position restricting surface 
92U. 92D, 92L and 92R are respectively formed in the 10 
recesses 91 U. 91 D, 91 L and 91 R. 

Accordingly, by connecting the front frame 9' and 
the rear frame 9. the vertical and horizontal parallel- 
plane plates 3 and 6 and the electromagnets for control- 
ling the positions of the parallel-plane plates 3 and 6 can is 
be supported as shown in Figs. 1 (a) and 1 (b) to 1 1 . 

Fig. 15 is a cross-sectional side view showing an 
arrangement in which the aforesaid pixel shifting unit is 
incorporated in a camera body. 

As shown in Fig. 15. an image pickup lens unit 1 is 20 
disposed in a lens barrel 200. and the pixel shifting unit 
shown in Fig. 1 4 is disposed on the mount portion of the 
lens barrel 200. The pixel shifting unit is composed of 
the front frame 9* and the rear frame 9. As shown in Fig. 
15. the LPF (optical low-pass filter) 202 for limiting the 25 
spatial frequency of an incident light beam, the parallel- 
plane plate 6 for horizontal pixel shifting, the parallel- 
plane plate 3 for vertical pixel shifting and the LPF (opti- 
cal low-pass filter) 203 are disposed in that order in the 
pixel shifting unit, and the image pickup element 2 is dis- 30 
posed behind the pixel shifting unit. In Fig. 15, reference 
numeral 2a denotes an effective image pickup surface 
(image pickup area) of the image pickup element 2. and 
reference numeral 2b denotes a sealing glass for the 
image pickup surface of the image pickup element 2. 35 

An infrared cut-filter may be disposed, as by coating 
a surface of the parallel-plane plate 3 or 6. 

The LPFs 202 and 203 cooperate in band-limiting 
the spatial frequency of an Incident light beam, thereby 
eliminating moire or the like due to a fold-back effect, 40 
The LPF 202 is rotatably disposed so that the effect of 
the LPFs 202 and 203 can be cancelled by rotating the 
wavelength of the incident light beam according to the 
rotation of the LPF 202. 

Accordingly, If it is necessary to remove the band- 45 
limiting effect of the LPFs 202 and 203 in order to pick 
up an image of particularly high quality, the LPF 202 
needs only to be rotated without being removed from 
the camera body. This art is described in detail In Japa- 
nese Laid-Open Patent Application No. Hei 7-245762. so 
and the description thereof is omitted herein. 

A circuit for driving the aforesaid pixel shifting 
mechanism will be described below with reference to 
Fig. 16. 

Referring to Fig. 16. a pixel shifting unit 300 is dis- 55 
posed in the space between the image pickup lens unit 
1 and the image pickup element 2. 

A picked-up image signal outputted from the image 



pickup element 2 is stored in a memory 301 . The Image 
data read from the memory 301 Is supplied to a camera 
process circuit 302, and the camera process circuit 302 
produces a luminance signal and a chrominance signal. 
The luminance signal and the chrominance signal are 
supplied to a recording/reproducing system 306 and 
recorded on a recording medium which not shown. 

The luminance signal and the chrominance signal 
are also supplied to a display control circuit 304. The 
display control circuit 304 converts both signals into a 
signal format suited to display on a monitor, and the 
obtained signal is visually displayed on a monitor dis- 
play 305. 

In addition, the output signal of the camera process 
circuit 302 may be directly outputted to an external 
apparatus such as a personal connputer through a dig- 
ital image output terminal DO in the form of a digital 
image signal. 

The image processing circuit having the above- 
described arrangement Is controlled by a system control 
circuit 307 composed of a microcomputer. 

In other words, the pixel shifting unit 300 is control- 
led to sequentially control the respective parallel-plane 
plates in the vertical and horizontal directions, thereby 
performing pixel shifting. 

In the second embodiment of the present invention, 
for example, the system control circuit 307 controls the 
parallel-plane plate 3 to perform vertical pixel shifting of 
four steps and, in each of the four steps, controls the 
parallel-plane plate 6 to perform horizontal pixel shifting 
of four steps. Accordingly, it is possible to obtain four 
images in the vertical direction and four images in the 
horizontal direction, a total of sixteen images. 

Each of these images is sequentially stored in the 
memory 301 which is being controlled by a memory 
controller 303. After all the images have been stored in 
the memory 301, the images are read from the memory 
301 to combine the images into one image, while 
sequentially corttrolling the reading from the memory 
301 on a pixel-by-pixel basis. The obtained image signal 
is supplied to the camera process circuit 302, in which it 
is subjected to luminance signal processing and chromi- 
nance signal processing so that an image signal of high 
image quality can be obtained. 

Incidentally, the signal read from the memory 301 
may be outputted to an external apparatus such as a 
personal computer without performing the above- 
described camera process, and the required kinds of 
Image processing may be performed on the side of the 
external apparatus. 

With the above-described processing. It is possit>le 
to pick up an Image of high image quality which is equiv- 
alent to the image quality of an image picked up by an 
image pickup element, the number of pixels of which is 
far greater than the actual number of pixels of the image 
pickup element. 

As described above, in the pixel shifting system 
according to each of the embodiments of the present 
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invention, not motors but electromagnetic driving means 
such as electromagnets are used as a driving source m 
the pixel shifting system, while not mechanisms such as 
complicated cams but abutment spaces are used as 
position controlling means in the pixel shifting system, 
and the abutment spaces for position control have differ- 
ent sizes so that the respective inclination positions ot 
pixel shifting optical elements such as Parallel-plane 
plates are individually controlled. Accordingly, the 
number of members which need to have high dimen- 
sional accuracy can be minimized, and particular sup- 
Dort shafts for controlling the inclination positions of tne 
optical elements can be eliminated, so that A is possible 
to realize a pixel shifting system which is capable of 
obtaining a plurality of stable optical positions by means 
of a simple mechanism which can operate at a far 
higher speed by a far sinr^^er control method. 

As is apparent from the foregoing description, in 
each of the embodiments of the present invention, a 
plurality of restricting portions for restricting the inc ina- 
tion position of an optical element in the direction of the 
optical axis are formed at the opposite ends of the opti- 
cal element for shifting the incident position of a light 
beam on an image pickup surface, and the inclination 
position of the optical element is controlled by bringing 
the optical element into selective abutment with the 
restricting portions. Accordingly, a pixel shifting opera- 
tion can be performed with an extremely high position- 
ing accuracy by a simple mechanism. 

Furthermore, since an electromagnetic circuit 
including electromagnetic driving means and perrra- 
nent magnets is used as driving means a comph^ ed 
driving mechanism is not needed. By using such dnving 
means in combination wrth the arrangement for simp y 
bringing the optical element into selective abutment with 
the restricting surfaces by electromagnetic force, it is 
possible to realize extremely high-speed driving 

With the above-described an-angement. since it is 
unnecessary to use complicated mechanisms which 
would have been incorporated in a conventional 
arrangement, such as a mechanism for supporting the 
optical element and a mechanism such as a cam for 
controlling the inclination position of the optical element, 
it is possible to achieve reductions in cost and mounting 

^^*^-me position restricting surfaces are formed before 
and behind each end portion of the optical element in 
the direction of the optical axis so that the combination 
of the position restricting surfaces which each end por- 
tion of the optical element selectively comes into abut- 
ment with can be modified to control the optical element 
to cause it to move among a plurality of inclination 
angles. Accordingly, the inclination angle of the optical 
element can be controlled among a plurality of angles 
merely by modifying the combination of the position 
restricting surfaces which each end portion of the opti- 
cal element selectively comes into abutment with, 
whereby it is possible to realize high-speed and high- 



precision pixel shifting by means of an extremely simple 

arrangement. . 

Furthermore, the ranges of mov^/"^ .f^ 
resoective end portions of the optical element in the 

. direS ortheVa. axis^ ^'^^l^TT^SeZ 
allowedbytheposition restricting surfaces areselected 

so that the ratio of the range of movement of one o *e 
Tnd Srtions to the range of movement of another of the 
S^rtSns is made l :2. whereby the inclination angle 
oJthToptical cement can be divided '^-^J^^-^^ 
angles and controlled in four steps and pixel shftuig of 
h?h image quality can be performed by means of a sim- 

3:re, Since each engaging P-. of the op«- 
,5 cal element is brought in point or line contact with ejher 
5the corresponding restricting surfaces during selec^ 
°ve abutment therewith, even if a variation occurs in me 
position of engagement of the engaging part of the c^t 
«l element (parallel -plane plate) with either of the cor 
,0 Ssponding restricting surfaces and a posrtiona 
dXion S the engaging part occurs in a plane paralle 
Txue image pickup surface, the angle of 'ncHnation of 
the optical element can he kept constant and such pos^ 
ton^ deviation can be prevented from affecting the 
25 amount of pixel shifting 

FurthJmore. since a cylindrical member for Ime 
contact (or a plurality of point contact members) or the 
SeTs employed, it is possible to realize high-precision 
ri«on"g Without causing a 'ength-i- ln« 
30 the cylindrical member with respect to the restricting 

^"^'u^hermore, the electromagnetic giving mea-^ 
are composed of a plurality of electromagnets which a^e 
provided for the respective restricting surfaces and tt^ 
35 Seal elements are driven by electromagnetic fa^^ 
acting between the permanent magnets of the optical 
Smente and the electromagnets. Wherry It is^^^^^^^^ 
to vary the inclination position of each of the optcal 
members at an extremely high ^P^ed by means o^ a 
40 simple arrangement which only controls the energiza 
tion and deenergization of the electromagnets. 

Furthermore, the optical elements include a vert^al 
optical element for vertically shifting the incdent p^i- 
tion of a light beam on the image pickup surface and a 
45 rc^izontal optical element tor horizontally shrftmg *^e 
Sm posWon of a light beam on the i"^age pickup 
surface, so that it is possible to realize pocel ^iftmg in 
both vertical and horizontal directions, i.e.. a further 
improvement in image quality. ^^atinr. 
50 Othenwise, it is possible to realize a pixel shrfting 
unit in which a plurality of restricting portions for rest, .cl- 
ing the inclination position of an optical 
direction of the optical axis are ^^^J'^'^^J^^l^ 
ends of the optical element for shifting mcdent p^.^ 
55 tion of a light beam on an image pickup surface, and tine 
?ndination position of the optical element is controlled 
by bringing the optical element into selective abutment 
vJth the restricting portions. Such pixel shifting unit can 
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perform a pixel shifting operation with an extremely high 
positioning accuracy by means of a simple mechanism. 

Furthermore, in the pixel shifting unit, since an elec- 
tromagnetic circuit including electromagnetic driving 
means and permanent magnets is used as driving 
means, ,a complicated driving mechanism is not 
needed. By using such driving means in combination 
with the arrangement for simply bringing the optical ele- 
ment into selective abutment with the restricting sur- 
faces by electromagnetic force, it is possible to realize 
extremely high-speed driving 

With the above-described arrangement, since it is 
unnecessary to use complicated mechanisms which 
would have been incorporated in a conventional 
arrangement, such as a mechanism for supporting the 
optical element and a mechanism such as a cam for 
controlling the inclination position of the optical element, 
it is possible to achieve reductions in cost and mounting 
space. 

The position restricting surfaces are formed before 
and behind each end portion of the optical element In 
the direction of the optical axis so that the combination 
of the position restricting surfaces which each end por- 
tion of the optical element selectively comes into abut- 
ment with can be modified to control the optical element 
to cause It to move among a plurality of inclination 
angles. Accordingly, the inclination angle of the optical 
element can be controlled among a plurality of angles 
merely by modifying the combination of the position 
restricting surfaces which each end portion of the opti- 
cal element selectively comes Into abutment with, 
whereby it is possible to realize high-speed and high- 
precision pixel shifting by means of an extremely simple 
arrangement. 

Furthermore, since each engaging part of the opti- 
cal element is brought in point or line contact with either 
of the corresponding restricting surfaces during selec- 
tive abutment therewith, even if a variation occurs in the 
position of engagement of the engaging part of the opti- 
cal element (parallel-plane ptate) with either of the cor- 
responding restricting surfaces and a positional 
deviation of the engaging part occurs in a plane parallel 
to the image pickup surface, the angle of inclination of 
the optical element can be kept constant and such posi- 
tional deviation can be prevented from affecting the 
amount of pixel shifting. 

Furthermore, since a cylindrical member for line 
contact (or a plurality of point contact members) or the 
like Is employed. It is possible to realize high-precision 
positioning without causing a lengthwise inclination of 
the cylindrical member with respect to the restricting 
surfaces. 

Furthermore, the electromagnetic driving means 
are composed of a plurality of electromagnets which are 
provided for the respective restricting surfaces, and the 
optical elements are driven by electromagnetic forces 
acting between the permanent magnets of the optical 
elements and the electromagnets, whereby it is possible 



to vary the inclination position of each of the optical 
members at an extremely high speed by means of a 
sirnple arrangement which only controls the energiza- 
tion and deenergization of the electromagnets. 

5 Furthermore, the optical elements include a vertical 

optical element for vertically shifting the incident posi- 
tion of a light beam on the image pickup surface and a 
horizontal optical element for horizontally shifting the 
incident position of a light beam on the image pickup 

10 surface, so that it is possible to realize pixel shifting in 
both vertical and horizontal directions. I.e., a further 
Improvement in image quality. 

Furthermore, the optical element for shifting the 
incident position of an incident light beam is movably 

75 supported at its opposite ends in recess portions, and 
the Inclination position of the optical element is control- 
led by bringing the opposite ends into selective abut- 
ment with a plurality of restricting portions formed in the 
recesses arxi restricting the ranges of movements of 

20 the optical element at the opposite ends In the direction 
of the optical axis. Accordingly, a high-speed and high- 
precision pixel shifting operation basically can be real- 
ized by a simple mechanism which only brings the opti- 
cal element Into selective abutment with the restricting 

25 portions. 

In addition, in spite of a simple arrangement. It Is 
possible to attain an extremely high positioning accu- 
racy by selectively bringing the optical element directly 
Into abutment with the restricting surfaces. 

30 Since it Is unnecessary to use complicated mecha- 
nisms which would have tDeen Incorporated in a conven- 
tional arrangement, such as a mechanism for 
supporting the optical element and a .mechanism such 
as a cam for controlling the inclination position of the 

35 optical element, it is possible to achieve reductions in 
cost and mounting space. 

Since there is no need for such a complicated 
mechanism and the optical element can be positioned 
by being selectively brought into direct abutment with 

40 the restricting surfaces. It Is possible to attain an image 
pickup operation with an extremely high-speed pixel 
shifting. 

Furthermore, since such an optical apparatus 
according to the present invention can be Incorporated 

45 in a lens barrel or a camera body as an unit, it is possi- 
ble to realize an image pickup apparatus having a sim- 
ple and compact arrangement and a large degree of 
freedom of design. 

An Image pickup apparatus Includes an image 

so pickup element for photoelectrically converting an opti- 
cal image formed on an image pickup surface and out- 
putting a picked-up image signal, a parallel-plane plate 
for shifting an incident position of incident light on the 
Image pickup surface, a plurality of recess portions 

55 which function as a plurality of restricting portions for 
controlling an inclination position of the para 1 1 el -plane 
plate by respectively coming into abutment with perma- 
nent magnets secured to the opposite ends of the paral- 
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lel-piane plate and restricting the positions o1 the 
opposite ends in the direction of an optical axis, and a 
plurality of electromagnets for driving the parallel-plane 
plate to bring the parallel-plane plate into abutment with 
the plurality of recess portions, wherein the energization 
and deenergization of each of the electromagnets are 
controlled so that the parallel-plane plate is controlled to 
move among a plurality of inclination positions. 

Claims 

1 , An image pickup apparatus comprising: 

image pickup means for photoelectrically con- 
verting an optical image formed on an image 
pickup surface and outputting a picked-up 
image signal; 

an optical element for shifting an incident posi- 
tion of incident light on the image pickup sur- 
face* 

a plurality of restricting portions for controlling 
an inclination position of said optical element 
with respect to an optical axis by engaging with 
said optical element; and 
driving means for driving said optical element 
to engage said optical element with said plural- 
ity of restricting portions. 

wherein said driving means includes 
electromagnetic driving means, and perma- 
nent magnets are respectively disposed in por- 
tions of said optical element which are to be 
exposed to an action of electromagnetic force 
of said electromagnetic driving means, said 
optical element beng driven by an electromag- 
netic circuit formed by the permanent magnets 
of said optical element and said electromag- 
netic driving means. 

2 An image pickup apparatus according to claim 1 , 
wherein said optical element is a parallel-plane 
plate provided in an incident optical path extending 
to said image pickup means, and said plurality of 
restricting portions are arranged to shift the incident 
position of the incident light on the image pickup 
surface by respectively restricting positions of end 
portions of said optical element and controlling the 
inclination angle of the parallel-plane plate relative 
to the optical axis. 

3 An image pickup apparatus according to claim 1. 
wherein each of said plurality of restricting portions 
has a pair of position restricting surfaces formed 
before and behind a corresponding one of the end 
portions of said optical element in the direction of 
the optical axis, said optical element being capable 
of being controlled to move among a plurality of 
inclination angles, by changing a combination of the 
position restricting surfaces which the end portions 



of said optical element selectively come info abut- - 
ment with. 

An image pickup apparatus according to claim 1 , 
wherein ranges of movements of the respective end 
portions of said optical element in the direction of 
the optical axis, which movements are allowed by 
the plurality of position restricting surfaces, are 
selected so that a ratio of the range cf movement of 
one of the end portions to the range of movement of 
another of the end portions is made 1:2 so as to 
equally divide an inclination angle of said optical 
element between a maximum inclination position 
and a minimum inclination position. 

An image pickup apparatus according to claim 3 
wherein the respective end portions of said optical 
element, each of which selectively comes into abut- 
ment with corresponding ones of the plurality of 
position restricting surfaces, have engaging parts 
each of which selectively comes into line or point 
contact with the corresponding ones of the plurality 
of position restricting surfaces. 

An image pickup apparatus according to claim 5 
wherein each of the engaging parts is a cylmdrica 
member which selectively comes into line contact 
with the corresponding ones of the plurality of posi- 
tion restricting surfaces. 

An image pickup apparatus according to claim 3. 
wherein said electromagnetic driving means has a 
plurality of electromagnets respectively provided for 
the plurality of position restricting surfaces and 
forms an electromagnetic circuit in combination 
with the permanent magnets formed at the respec- 
tive engaging parts of said optical element, said 
electromagnetic driving means being arranged to 
change the inclination position of said optical ele- 
ment by controlling a direction of cun-ent of each of 
the plurality of electromagnets and selecting posi- 
tion restricting surfaces to be brought into abutment 
with said optical element. 

An image pickup apparatus according to daim 1 or 
7 wherein said optical element includes a vertical 
oijtical element for shifting the incident position of 
the incident fight on the image pid<up surface, in a 
vertical direction on the image pickup surface, and 
a horizontal optical element for shifting the incident 
position of the incident light on the image pickup 
surface, in a horizontal direction on the image 
pickup surface. 

55 9. An optical apparatus comprising: 

an optical element for shifting an incident posi- 
tion of incident light on an image pickup sur- 
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face; 

a plurality of restricting portions for controlling 
an inclination position of said optical element 
with respect to an optical axis by engaging with 
said optical element; and 
driving means for driving said optical element 
to engage said optical element with said plural- 
ity of restricting portions, 

wherein said driving means includes 
electromagnetic driving means, and perma- 
nent magnets are respectively disposed in por- 
tions of said optical element which are to be 
exposed to an action of electromagnetic force 
of said electromagnetic driving means, said 
optical element being driven by an electromag- 
netic circuit formed by the permanent magnets 
of said optical element and said electromag- 
netic driving means. 

10. An optical apparatus according to claim 9, wherein 
said optical element Is a parallel-plane plate pro- 
vided in an incident optical path extending to the 
image pickup surface, and each of said plurality of 
restricting portions has a pair of position restricting 
surfaces formed before and behind a correspond- 
ing one of the end portions of said optical element 
in the direction of the optical axis, said optical ele- 
ment being capable of being controlled to move 
among a plurality of inclination angles, by changing 
a combination of the position restricting surteces 
which the end portions of said optical element 
selectively come into abutment with. 

1 1 . An optical apparatus according to claim 1 0, wherein 
the respective end portions of said optical element, 
each of which selectively comes into abutment with 
corresponding ones of the plurality of position 
restricting surfaces, have engaging parts each of 
which selectively comes into line or point contact 
with the corresponding ones of the plurality of posi- 
tion restricting surfaces. 

1 2. An optical apparatus according to claim 1 1 , wherein 
each of the engaging parts is a cylindrical member 
which selectively comes Into line contact with the 
corresponding ones of the plurality of position 
restricting surfaces. 

13. An optical apparatus according to claim 10, wherein 
said electromagnetic driving means has a plurality 
of electromagnets respectively provided for the plu- 
rality of position restricting surfaces and forms an 
electromagnetic circuit in combination with the per- 
manent magnets formed at the respective engaging 
parts of said optical element, said electromagnetic 
driving means being arranged to change the incli- 
nation position of said optical element by controlling 
a direction of current of each of the plurality of elec- 



tromagnets and selecting position restricting sur- 
faces to be brought into abutment with said optical 
element. 

5 14. An optical apparatus according to claim 10 or 13, 
wherein said optical element includes a vertical 
optical element for shifting the incident position of 
the incident light on the image pickup surface. In a 
vertical direction on the image pickup surface, and 

10 a horizontal optical element for shifting the incident 
position of the incident light on the image pickup 
surface, in a horizontal direction on the image 
pickup surface. 

15 1 5. An optical apparatus according to claim 1 0. wherein 
said plurality of restricting portions respectively 
Include recess portions which support said optical 
element within a predetermined moving range at 
least in the direction of the optical axis with the end 

20 portions of said optical element being respectively 
movably fitted In said recess portions, and the pair 
of position restricting surfaces are respectively 
formed on surfaces opposed to the respective end 
portions of said optical element in each of said 

25 recess portions, the pairs of position restricting sur- 
faces in said respective recess portions being 
arranged to control said optical element to move 
said optical element among a plurality of inclination 
positions with respect to the optical axis, by respec- 

30 tively selectively coming Into abutment with the end 
portions of said optical element and restricting mov- 
ing ranges of the respective end portions In the 
direction of the optical axis. 

35 16. A lens unit apparatus comprising: . 

an image pickup optical system; 
an optical element for shifting an incident posi- 
tion of incident light on an Image pickup sur- 

40 face; 

a plurality of restricting portions for controlling 
an inclination position of said optical element 
with respect to an optical axis by engaging with 
said optical element; and 

45 driving means for driving said optical element 

to engage said optical element with said plural- 
ity of restricting portions, 

wherein said driving means includes 
electromagnetic driving means, and perma- 

50 nent magnets are respectively .disposed in por- 

tions of said optical element which are to be 
exposed to an action of electromagnetic force 
of said electromagnetic driving means, said 
optical element being driven by an electromag- 

55 netic circuit formed by the permanent magnets 

of said optical element and said electromag- 
netic driving means. 
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17. A camera apparatus comprising: 

an image pickup optical system; 
Image pickup means for converting an optical 
image formed by said image pickup optical sys- 5 
tem and outputting a picked-up image signal; 
an optical element for shifting an incident posi- 
tion of incident light on an image pickup surface 
of said image pickup means; 
a plurality of restricting portions for controlling io 
an inclination position of said optical element 
with respect to an optical axis by engaging with 
said optical element; and 
driving means for driving said optical element 
to engage said optica! element with said plural- is 
ity of restricting portions, 

wherein said driving means includes 
electromagnetic driving means, and perma- 
nent magnets are respectively disposed in por- 
tions of said optical element which are to be 20 
exposed to an action of electromagnetic force 
of said electromagnetic driving means, said 
optica! element being driven by an electromag- 
netic circuit formed by the permanent magnets 
of said optical element and said electromag- 21 
netic driving means. 



30 



35 



40 



45 



SO 



55 



18 



BNSDOCID <EP___0871327A1J_> 



EP0 871 327 A1 




BNSDOCID: <EP. 



.0871327A1J_> 



EP0 871 327 A1 




F I G.2(b) 




F I G.2(c) 

A-A' CROSS SECTIONAL VIEW 
5Ua 



5Ub 



52U 



20 



BNSDOCl Q < E P 0 87 1 327A1 J_> 



EP 0 871 327 A1 




21 



EP 0 871 327 A1 



F I G.4 




22 



EP 0 871 327 A1 



F I G.5 




23 

BNSDCCI D; <EP ^0871327A1_L> 



EP 0 871 327 A1 



F I G. 6 



5Ua BUb 




BNSDOCID: ^FP 0 871327A1J_> 



24 



EP 0 871 327 A1 




25 

BNSDOC I D: <EP ^087 1 327A1 _l_> 



EP 0 871 327 A1 



F I G.8 

8La Bib 




BNSCKDCID: <:EP_____0871327A1J_> 



26 



EP 0 871 327 A1 



F I G.9 




.0B71327A1J_> 



27 



EP 0 871 327 A1 



F I G. 10 




28 



EP 0 871 327 A1 




BNSDOCIO: <EP 0e7l327AlJ_> 



29 



EP 0 871 327 A1 




30 



BNSDOC 1 1>. <EP ^087 1 327A 1 _l_> 



EP0 871 327 A1 




EP0 871 327 A1 




BNSDOCIQ. <EP ^0871327A1J_> 



32 



EP 0 871 327 A1 




BNSOOCID <EP_ ^0871327A1 J_> 



EP 0 871 327 A1 



F I G. 17(a) 




(oV 



FI G.17(b) 




35 

BNSDOClD:<EP ^0871327A1 I > 



EP0 871 327 A1 



+ I(CURRENT) 



FIG. 18(a) 

54U 



+ I (CURRENT) 




+ I(CURRENT) 



-I (CURRENT) 



+I(CURRENT) 



FIG.18(b) 

-I (CURRENT) 





]]] 








NPDLE 








SPOlt 


NPOLE 




SPOU 


SPOIE 




NPOU 




NPOLE 




SPOIE 





























5Ua 
51U 




-KCURRENT) 



-I (CURRENT) 



36 



BNSOOCID. P871327A1_1_> 



EP 0 871 327 A1 



FI G.19(a) 



CO 



TIME 

ELECTROMAGNET 5Ua 

._ ( + ) ! 1 



ELECTROMAGNET 5Ub 

^ ( + ) L 

i f 

FI G.19(b) 




TIME 

ELKTRGMAGNET 5Ua 

5 ON 
= OFF- 



EL^TROMAGNET 5Ub 
^ ON- b 1 

:_J[ 1 



OFF-f 
I 



I 



37 



EP 0 871 327 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSID ERED TO BE RELEVANT 



Category 



Caation of document with in^lication. where appropriate. 
of relevant passages 



EP 0 483 530 A (ELTRO GMBH) 6 May 1992 

* column 7, line 18 - column 8, line 49; 
figures 8-11 * 

PATENT ABSTRACTS OF JAPAN 

vol. 010. no. 038 (P-428), 14 February 

1986 

& JP 60 18B923 A (MATSUSHITA DENSOU KK), 
21 September 1985, 
+ abstract * 

GB 2 111 716 A (ELVEN PRECISION LIMITED) 6 
July 1983 



Relevant 
to claim 



1-3,5. 

7-11,14 

16,17 



1,2,9, 
16,17 



* page 2, line 111 
figures 1,2* 



page 3, line 49; 



PATENT ABSTRACTS OF JAPAN 

vol. 097. no. 007. 31 July 1997 

& JP 09 083877 A (TOSHIBA CORP), 28 March 

1997, 

* abstract * 

EP 0 689 349 A (SHARP KK) 27 December 1995 

* page 6. line 10 - page 7, line 14; 
figures 2,3 * 



1-3, 

6-10.12 

16 



1-3,5,6 

8-12, 

14-17 



Application Number 

EP 98 10 6270 



CLASSIFICATION OF THE 
APPLICATION (InLCLS) 



H04N3/15 

H04N5/225 

G02B26/08 



1,8,9. 
14,16,17 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.6) 



H04N 

G02B 



The present search repcwt has been drawn up tor all claims 



Place ol search 

BERLIN 



CATEGORY OF CITED DOCUMENTS 

X particularly relevant if taken alone 

Y particularly rAiPvant if combined wrth another 

document ol the same category 
A technological background 
O . r»n-wrinen disclosure 
p • intermediate document 



Date ol completion ol the search 

10 July 1998 



Examiner 

von Moers , F 



T theory or principle underlying the invention 
E earlier patent document, but published on. cr 

alter the filing date 
D • document cited m the application 
L document cited for othar reasons 

& member of the same patent family, corresponding 
document 



38 



0871327A1J_> 



